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When environmental conditions change, cell survival can
depend on the sudden production of proteins that are
normally in low demand. Protein production is controlled by tran-
scription factors that bind to DNA near genes and either increase
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or decrease RNA production. Many puzzles remain concerning the
ways transcription factors do this.

There are hundreds of transcription factors in Escherichia coli and
while most of these target only a small number of genes, there are
several that regulate expression of 10 or more genes. Taken together,
such global transcription factors directly regulate more than half of
the ~4,300 genes in E. coli, and their regulatory interactions yield
important insights into the organization of the genetic regulatory
network [1-3]. Because they regulate so many genes, global transcrip-
tion factors also play a large role in controlling cellular behavior;
however, insights into behavior are currently limited by a lack of
quantitative information about how transcription factors differen-
tially regulate target genes.

We are performing quantitative studies of gene regulation by the
global transcription factor MarA in E. coli. MarA activates ~40 genes
of the E. coli chromosome, resulting in different levels of resistance to
a wide array of antibiotics and superoxides (see [4] for references). We
placed the expression of MarA under the control of an external signal
and examined the expression of 10 target genes as a function of
activator concentration [5]. We found that activation of different
genes occurs in a well-defined order with respect to the level of MarA,
enabling cells to mount a response that is commensurate to the level

of threat detected in the environment. In contrast with a commonly

held assumption, we found that the order of activation does not
parallel the strength of MarA binding to DNA near the target gene.
This finding suggested that interactions between MarA and the RNA
polymerase transcriptional machinery play an important role in
determining the order of activation, but the data did not immediately
reveal what the nature of these interactions might be.

Next, we developed a computational model of gene regulation to
understand how interactions between MarA and polymerase activate
transcription of marRAB, sodA, and micF [6]—of the 10 targets we
examined previously, these three are the only ones that exhibited
saturation at high MarA, which provided an important constraint for
the modeling. The model was specifically designed to compare the
textbook model of recruitment, in which MarA increases polymerase
binding but does not increase the rate of post-binding events [7,8],
with a more general model in which activator can either increase or
decrease polymerase binding, and can either increase or decrease the
rate of post-binding events (Fig. 1). The model clearly explains the
lack of correspondence between the order of activation and the
MarA-DNA affinity, and indicates that the order of activation can
only be predicted using information about the strength of the full
MarA-polymerase-DNA interaction. Instead of favoring activation by
recruitment, the modeling favors activation by increasing the
likelihood that polymerase will initiate transcription when it is
already bound to DNA near the target gene (Fig. 2). It also suggests
that MarA can activate expression while decreasing the overall
presence of the transcription machinery at the start of a gene. This
mechanism is opposite to the textbook model of recruitment;
nevertheless it enables cells to respond quickly to environmental
challenges and is likely of general importance for gene regulation in
E. coli and beyond.

For more information contact Michael E. Wall at
mewall@lanl.gov.
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mariocE p'm%?ﬁ m —: | Fig.2. Comparison of alternative models of transcriptional
activation. A) For activation of marRAB the fit of the recruit-
ment model is reasonable (Fig. 14), but the fit of models
involving acceleration of the initiation step is better (Fig. 1B).
B) For activation of sodA, the best models involve not only
acceleration (Fig. 1B), but also a decrease in the presence of
polymerase at the start site (Fig. 1C). C) Activation of micF is
poorly fit by the recruitment model, but is well fit by models
that involve both acceleration of the initiation step (Fig. 1B)
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Fig. 1. lllustration of ways that bacteria might control mRNA transcrip-

tion. A) In the textbook model of activation by recruitment, an activator oo o1 a w10 1o

(A) binds to an operator sequence (O4) and increases the presence of C PTG [uM]

RNA polymerase (R) at the start site (P). B) Although usually ignored, 1200 : : i

it has long been known that activators can accelerate the initiation step i claci promater aclivity
when polymerase is bound. C) Wall et al. [6] found that activation can 1000 Best recruitment model ——

involve a decrease in the presence of polymerase at the start site; although
this effect is naturally associated with B), it was previously ignored. D)
Activator can also retard the initiation step, a neglected effect that is
naturally associated with the textbook model.
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